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SURGE SXJPPRESSOR. 

Tlie invention relates to an over\^oltage protection means having a first electro<le, having 
a second electrode, witli a breakdown spark gap which, is formed between the two electrodes, 
and with a housing which holds the electrodes, when the breakdown spark gap is ignited an arc 
forming between the two electrodes within a discharge space which connects the two electrodes. 

Electrical, bnt especially electronic measurement^ control and switching circnits, mainly 
also telecommunications equipment and systems, are sensitive to transient overvoltages, as can 
occur especially by atmospheric discharges, but also by switching operations or short circuiits in 
power supply grids. This sensitivity has increased to the extent electronic component, 
especially transistors and thyristors, are being used; in particular, increasingly used integrated 
circuits are highly endangered by transient overvoltag&s. 

Electrical circiiits work with the voltage specified for them, the rated voltage (generally 
i=line voltage), normally without interference. This does not apply when overvoltages occur. 
Overvoltages are all voltages which are above the upper tolerance limit of the rated voltage. 
They also include mainly transient overvoltages which can occur due to atmospheric discharges^ 
but also due to switching operations or short circuits in power supply grids, and can be 
metallically, inductively or capacitively coupled into electrical circuits. Overvoltage protection 
means have been developed and have been known for more than 20 years to protect electrical or 
electronic circuits^ especially electronic measurement, control and switching circuits, mainly 
also telecommunications equipment and systems wherever they are used against transient 
overvoltages wherever they are used. 

Ajci important component of an overvoltage protection means of the type tmder 
consideration here is at least one spark gap which responds at a certain overvoltage^ the 
sparkover voltage, and thus prevents overvoltages which are larger than the sparkover voltage of 
the spark gap from occurring in the circuit which is protected by an overvoltage protection 
means. 

It was stated at the beginoning that the overvoltage protection means as claimed in the 
invention has two electrodes and one breakdown spark gap which is formed between the two 
electrodes. In practice these breakdown spark gaps ar^ often also called air breakdown spark 
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gaps, within tlie firamework of the invention a hrealcdown spark gap also meaning an air 
hrealcclown spark gap. But Kere, l^esicles air, another gas can also he present hetween the 
electro<ies. The region of the overvoltage protection means in which the arc fbrtxis when the 
breakdown spark gas ignites^ is Jiereinafter called the discharge space. It is generally the space 
between the two electrodes - 

In addition to overvoltage protection means with a breakdown spark gap, there are also 
overvoltage protection means with a flashover spark gap in which a creeping discharge occm-s 
when it responds. 

Overvoltage protection means with a breakdown spark gap compared to overvoltage 
protection means with a flashover spark gap have the advantage of higher surge cnrrent-carrying 
capacity J but the disadvantage of a higher and also not especially constant sparkover voltage. 
Therefore different overvoltage protection means with a breakdown spark gap have already been 
suggested and have been improved with respect to the sparkover voltage. Here^ in the area of the 
electrodes or the breakdown spark gap which acts between the electrodes, ignition aids have 
been implemented in different ways, for example snch that between the electrodes there has 
been at least one ignition aid which triggers a creeping discharge and w^hich projects at least 
partially into the breakdown spark gap, which is made in the manner of a crosspiece and which 
consists of plastic (compare for example 13E 41 41 681 Al or DE 44 02 615 A.1). 

The aforementioned ignition aids which are provided in the known overvoltage 
protection means can likewise be called "passive ignition aids", therefore "passive ignition aids" 
becanse tlxey do not respond "actively" themselves^ but respond only by an overvoltage which 
occurs on the main electrodes, 

IDE 1 98 03 636 A.1 likewise discloses an overvoltage protection means having two 
electrodes, with a breakdown spark gap which acts between the two electrodes, and an ignition 
aid. In this known overvoltage protection means the ignition aid is made as an *' active ignition 
aid"^ in contrast to the above described ignition aids which trigger a creeping discharge, 
specifically in that in addition to the two electrodes, called the main electrodes there, there are 
two more ignition electrodes. These two ignition electrodes form a second breakdown spark gap 
which is used as an ignition spark gap. In this known overvoltage protection means the ignition 
aid includes not only the ignition spark gap, but also an ignition circuit with an ignition 
switching device. Wlien there is an overvoltage on the known overvoltage protection, means, the 
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ignition circixit witti tlie ignition switching device provides for response of ttie ignition sparlc 
gap. The ignition spark gap and th.e two ignition electrodes are arranged with, respect to the two 
main electrodes such, that hecause the ignition spaik: gap has responded, the hreakdown spark 
gap hetween the two main electrodes, called the main spark gap, responds. Response of the 
ignition spark gap leads to ionization of the air present in the hreakdown spark gap so that after 
response of the ignition spark gap the hreakdown spark gap also suddenly responds hetween the 
two main electrodes, therefore the main spark gap. 

In the known, above descrihed emhodiments of overvoltage protection m_eans Avith 
ignition aids^ the ignition aids lead to an improved, specifically lower and more constant 
spaikover voltage- 
La overvoltage protection means of the type under consideration - with or without using 
an ignition aid - when the hreakdown spark gap ignites the resulting arc forms a low-impedance 
connection hetween the two electrodes. First of all, the lightning-stroke current to he diverted 
flows intentionally hy way of this low-impedance connection. But when the line voltage is 
present, then an unwanted line follow current follows hy way of the low-im^pedance connection 
of the over^^oltage px-otection means ^ so that an effort is made to extinguish the arc as quickly as 
possihle after the completed diversion process. One possihihty for achieving this ohject is to 
increase the arc length and thus the arc voltage. 

One possihility for extinj^xishing an arc after a diversion process, specifically increasing 
the arc length and thus the arc voltage^ i^ implemented in the overvoltage protection as is known 
fi-om r>E 44 02 615 ^1. The overvoltage protection means known Irom DE 44 02 615 ^1 has 
two narrow electrodes which are each made angular and have an arcing horn and a connecting 
leg angled off from it. In addition, the arcing horns of the electrode are provided with a hole in 
their areas hordering the connecting legs. The holes provided in the arcing horns of the 
electrodes provide for the resulting arc "heing set into motion" hy a theimal pressure effect at 
the instant of response of the overvoltage protection element, therefore of ignition, therefore 
migrating away firom its origin. Since the arcing horns of the electrodes are arranged in a V- 
shape to one another, the segment to he bridged hy the arc is thus enlarged when the arc 
migrates out, hy which the arc voltage also rises. Sut the disadvantage here is that to achieve the 
desired increase of arc length the geometrical dimension of the electrodes must he 
correspondingly large, so that the overvoltage protection means is also tied altogether to certain 
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geometrical coiis Lrai nts . 

Another possibility for extinguistdng the arc after the diversion process consists in 
cooling the arc hy the cooling action of ins\jlation walls and the nse of insnlators which release 
gas. Here a strong flow of the extinguishing gas is necessary; this requires high constmction 
effort. 

Tvloreover it is possihle to increase the arc voltage hy increasing the pressure. Xo do this^ 
OE 196 04 947 CI proposes selecting the volume in the housing interior such that the arc causes 
a pressure increase to a multiple of atmospheric pressure. Here the increase in the follow current 
extinguishing capacity is achieved hy a pressure-dependent effect on the arc field strength. So 
that this overvoitage protection means works reliably, a very pressure-resistant honsing is 
however necessary on the one hand, on the other the level of the line voltage must he Icnown 
relatively exactly to he ahle to design the volume in the housing interior accordingly- 

If the arc is extinguished in overvoitage protection means of the type xmder 
consideration, first of all the low-impedance connection between the two electrodes is 
interrupted, the space between the two electrodes-, i.e. the discharge space^ is however still 
almost completely filled with a conductive plasma. The plasma which is present reduces the 
sparkover voltage between the two electrodes such that at the prevailing line voltage reignition 
of the breakdown spark gap can occur. This problem occurs especially when the overvoitage 
protection means has an encapsxolated or half^open housing, since then cooling or volatilization 
of the plasma is prevented by the essentially closed housing. 

To prevent reignition of the overvoitage protection means, i.e. the breakdown spark gap, 
in the past various measures were taken to drive the ionized gas cloud away firom the ignition 
electrodes or to cool it. Xo do this, structurally complex labyrinths and cooling bodies are used^ 
which make production of the overvoitage protection means more expensive. 

The object of the invention is to devise an overvoitage protection means of the initially 
described type which is distinguished by a high line follow current extinguishing capacity, but 
which can nevertheless be easily built. 

The overvoitage protection means as claimed in the invention in which this object is 
achieved is characterized first of all essentially in that the discharge space is made such that it 
runs at least partially transversely and/or opposite the direction of the electrical field of the 
prevailing line voltage, so that the distance to be overcome by the arc betw^een the two 
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electrodes lias a transverse componertt to tlie electrical field This results in that the electrical 
field or electric volta.ge on the two electrodes can no longer continnonsly accelerate the firee 
charge carriers contained in the plasma from one electrode to the other, t>y which a line follow 
current is prevented. 

In the Icnown overvoltage protection means, the conductive plasma which, is present 
after the actual diversion process^ hut unwanted, or tine free ch£irge carriers contained in it are 
'^removed" hy the plasma heing driven away from the electrodes. These overvoltage protection 
means which are also called "blowout" spark gap arrangements first of all have the disadvantage 
that to "hlow out" the plasiTia a relatively strong flow must he produced within the overvoltage 
protection means, for which generally gas-releasing insulation materials are ixsed. The hot 
plasma is then removed to the outside into the vicinity through hlowout openings in the housing 
of the overvoltage protection means- This has the disadvantage that at the installation site of the 
overvoltage protection means certain minimum distances to other voltage-carrying or flammable 
components must he maintained; this enables use of these hlowout overvoltage protection 
means only under certain installation conditions. 

In contrast, in the overvoltage protection means as claimed in the invention "blowout" of 
the hot plasma can be abandoned. The arrangement and geometrical configuration of the 
discharge space as claimed in the invention prevent the unwanted result of the presence of a 
plasma, the formation of a line follow current after the actual diversion process, without the 
need to drive the plasma away j&x>m the electrodes or to cool it. 

Structurally the discharge space can be made such that it has at least three regions, the 
first region being connected to the fiist electrode, the second region being connected to the 
s^x>nd electrode and the third region being connect^i on the one hand to the first region and on 
the other hand to the second region. The third region thus establishes the connection between 
the first region and the second region and thus also between the first electrode and the second 
electrode. The third region is made structurally such that in it the fi-ee charge carriers contained 
in the plasma are not accelerated from the first region to the second region or vice versa by the 
electric field of the prevailing line voltage, or are accelerated only slightly. For this reason the 
third region has at least one transverse component to the electrical field, hi particular the third 
region can be aligned essentially perpendicularly or even partially opposite to the direction of 
the electric field of the prevailing line voltage. 
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A^ccording to one ativantageoxis configuratiork of" the iixvention, tlie <iiscliarge space is 
stru-cturally implemeixteci in tha± the side ojF the first electrode facing the second electrode and 
the side of the second electrode facing the first elesctrode are each partially covered with an 
insialating or high-resistance naaterial, the region of the first electrode and of the second 
electrode not covered with the insulating or high-resistance material being offset to one another- 
The execution and the arrangement of the insulating or high-resistance material on the first and 
second electrode can easily determine the shape of the discharge space. If a high-resistance hut 
still conductive material is applied to the two electrodes, with a resistance so great that an are 
cannot form on its surface due to current limitation, after the actual diversion process this leads 
to the free charge carriers present in the discharge space between the two electrodes being 
separated by the electrical field of the prevailing line voltage and, depending on the polarity of 
the high-resistance material, being "sucked" on the first or the second electrode. 

The configuration of the discharge space as claimed in the invention between the two 
electrodes, tike discharge space having at least one transverse component to the electrical field, 
as described above prevents formation of an unwanted line follow currCTtt- But at titie same time 
the sparkover voltage of the breakdown spark gap is also increased; this is generally not 
desirable either. Xherefbre, in one preferred configuration of the overvoltage protection means 
as claimed in the invention there is an active ignition aid for reducing the sparkover voltage. 
Fundamentally different active ignition aids known from the prior art can be used for this 
purpose. According to one preferred configuration however the active ignition aid is 
implemented by a series connection of a voltage switching device and an ignition element being 
connected to the two electrodes^ the sparkover voltage of the voltage switching device being 
below the sparkover voltage of the breakdown spark gap, and first a diversion current flowing 
via the ignition element when the voltage switching device responds. 

The voltage switching device is chosen such that at the sparkover voltage of the 
overvoltage protection means it becomes conductive, therefore "switches". A.s the voltage 
switching device there can be a varistor, suppressor diode or a gas-filled voltage airester. The 
ignition element consists preferably of a conductive plastic, a metal material or a conductive 
ceramic and is in mechanical contact with the second electrode. 

If an overvoltage occ\jrs in the overvoltage protection means with the above described 
active ignition aid which is greater than or equal to the sparkover voltage dictated by the voltage 
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switcliing device, the voltage switching device responds^ so that a. diversion current hegins to 
flow over the series connection of* the first electrode - voltage switching device - ignition 
element - second electrode. By the initial ignition the current prodxices a condnctive plasma 
wliich can he introdu.ced into the discharge space, by which the breakdown spark gai^ bet^^''een 
the first electrode and the second electrode ignites and thixs an arc is fbnned in the discharge 
space. With respect to other details of snch an active ignition aid which can also he called 
"current ignition", reference is majde to DE lOl 4^5 728 A.1. 

In particular there is a plurality of possibilities for embodying and developing the 
overvoltage protection means as claimed in the invention. Reference is made on the one hand to 
the claims subordinate to clainci 1 , on the other hand to the following description of preferred 
exemplary emhodimente in conjunction with the drawings. 

Figure 1 shows a schematic of a first exemplary embodiment of the overvoltage 
protection means as claimed in the invention^ 

Figure 2 shows a schematic of a second exemplary embodiment of the overvoltage 
protection means as claimed in the invention. 

Figure 3 shows a schematic of another exemplary embodiment of the overvoltage 
protection means as claimed in the invention. 

Figure 4 shows a schematic of a fourth exemplary embodiment of the overvoltage 
protection means as claimed in the invention. 

Figure 5 shows a schematic of another exemplary embodiment of the overvoltage 
protection means as claimed in the invention and 

Figure S shows a schematic of a last exemplary embodiment of the overvoltage 
protection means as claimed in the invention. 

Oifferent embodiments of an overvoltage protection means as claimed in the invention 
are shown in the figures. The overvoltage protection means which is shown only with r^pect to 
its fundamental structure includes a first electrode 1 , a second electrode 2, and a housing 3 which 
holds the electrodes 1 , 2. Between the two electrodes 1 and 2 there is a breakdown spark gap, an 
arc 4 forming between the two electrodes 1 , 2 when the breakdown spark gap is ignited. 

A.S claimed in the invention^ between the two electrodes 1 and 2 there is a discharge 
space 5, the discharge space 5 running at least partially obUquely (^Figure 2), partially 
transversely (Figure 1, 5 and 6), partially opposite (Figure 3) or partially transversely and 
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opposite (Figure 4) to tlie directioxi of the electrical field, of ttie prevailing line cixrrent siiown \>y 
the arrows 6. In all exemplary ertibod-iments the disciiarge space 5 lias at least one transverse 
component to the electrical field. In contrast to known overvoltage protection icneans^ thus not 
the entire space between the electrodes 1,2 acts as a discharge space 5. 

As the Figures show, the discharge space 5 can he divided into three regions and 9. 

The first region 7 is connected to the first electrode 1, the second region 8 is connected to the 
second electrode 2 and the fii^t region 7 is connected to the second region 8 via the third region 
9. hi the emhodiments shown in the Figures, the first region 7 and the second region 8 run 
essentially parallel to the direction of the electrical field. Conversely, the third region 9 in the 
exemplary embodiment as shown in Figures 1^ 5 and 6 runs essentially perpendicularly or 
transversely to the direction of the electrical field, hi the embodiment as shown in Figure 2, the 
third region 9 of the discharge space 5 runs obliquely and in the embodiment as shown in Figure 
3, obliquely opposite the direction of the electrical field, i.e. the lengthwise direction of the third 
region 9 of the discharge space 5 has one transverse component to the direction of the electrical 
field. In the overvoltage protection means as claimed in the invention as shown in Figure 4, the 
third region 9 of the discharge space 5 has both regions which run perpendicular to the dii-ection 
of the electi-ical field and also a region which runs opposite to the direction of the electrical 
field. 

The alignment of the third region 9 of the discharge space 5 obliquely, transversely or 
opposite to the direction of the electrical field of the prevailing line voltage results in that the 
fi-ee discharge carriers contained in the plasma are no longer continuously accelerated from the 
first electrode 1 to the second electrode 2 or vice versa^ preventing the formation of a line follow 
current. 

To implement the discharge space 5, on the side lO of the first electrode 1 facing the 
second electrode 2 there is an insulating or high-resistance material 12^ and an insulating or 
high-resistance material 1 3 is applied to the side 1 1 of the second electrode 2 facing the first 
electrode 1. the figures show, the insulating or high-resistance material 12 and 13 is not 

applied to the entire surface of the first electrode 1 and the second electrode 2, but the region 14 
and 1 5 on the first electrode 1 and the second electrode 2 respectively is omitted and is not 
covered with the insulating or high-resistance material 12 and 13. Here, as is directly apparent 
fi"om the figures, the two regions 14 and 15 of the first electrode 1 and the second electrode 2 
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respectively not covered witb. the insulating or InigK resistance material 12 and 13 are arranged 
offset to one another. 

Comparison of the exemplary eoibodiments of the overvoltage protection means as 
claimed in the invention shown in Figures 1.2 and 3 indicates that the shape of the discharge 
space 5 can be easily fixed by a corresponding choice of the dimensions of the material 12, 13, 
If the material 12, 13 has a constant thickness over its lengthy as is the case in the embodiment 
as shown in Figure 1 , this leads to a region 9 of the discharge space 5 which runs transversely or 
perpendicularly to the direction of the electrical field. If the thickness of the material 12, 13 
changes over its length (Figures 2 aiad 3 ), this leads to a discharge space 5 which runs obliquely 
(Figure 2) or partially opposite (Figure 3) to the direction of the electrical field. 

A.S is apparent fi-om the embodiment as shown in Figure 4, almost any shape of the 
discharge space Q can be implemented by a corresponding configuration and arrangement of the 
materials 12, 13 on the electrodes 1,2. The shape of the discharge space 5 which is optimum for 
the respective application depends on the one hand on the required line follow current extinction 
capacity, on the other hand on the level of the desired sparkover voltage of the overvoltage 
protectioii means. But the latter can also be det^m:iined by the fact that there is a suitable 
i^iition aid, especially an active ignition aid. 

Xhe overvoltage protection means as shown in Figures 1 and 5 differ firom one another 
in that in the overvoltage protection means as shown in Figure 1 an insulating material 12, 1 3 is 
applied to the electrodes 1 . 2, while for the overvoltage protection means as shown in Figure 5 a 
high-resistance but still conductive material 12, 13 is used. Xhe arrangement of a high-resistance 
but still conductive material 12, 13 directly on one side lO of the first electrode 1 and one side 
1 1 of the second electrode 2 leads to the firee charge caanriers present in the discharge space 5 
after the actual diversion process being separated by the prevailing line voltage and depending 
on polarity being "sucked" frona the material 12 or material 13. By reducing the number of free 
charge carriers in tii.e discharge space 5 the impedance of the discharge space 5 is increased, by 
which at the prevailing line voltage the occurrence of a line follow current is also prevented. 
Instead of mechanical "blowout" of the plasma or free charge carriers known in the prior art, 
electrical **suction" of the fi*ee charge carriers takes place here, by which however likewise the 
imwanted line follow current is prevented and at the same time the disadvantages of the known 
"blowout" are prevented. 
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Figure 6 shows anotlier version of overvoltage protection means. In tlmis exemplary 
embo<iiment, comparably to the v^ersion as shown in Figure 1, first of all an insnlating material 
12, 13 is applied to ttie electrodes 1, 2, Ttie d.isciiarge space 5 however is determined not only 
hy the shape of the insulating material 12, 13, hnt mainly hy high-resistance material 17^ IS 
applied additionally to the insulating material 12, 13, comparahly to the version as shown in 
Figure 5. The high-resistance material 17" spaced aw^ay from the region 14 is electrically 
conductiVely connected to the first electrode 1 and the high-resistance material 1 8 spaced away 
fixsm the region 15 is electrically conductively connected to the second electrode 2. The two 
regions 19^ 20 in which the first electrode 1 is <x>nnected to the high-resistance material 1 7 and 
the second electrode 2 is connected to the hi^^ti-resistance material 18 are likiewise arranged 
offset to one another. The high resistance material 17, 18 first of all results in that after 
breakdown the free charge carriers located in the discharge space 5 are "sucked out". In doing so 
a current flows through the high-resistance material 17, 18; this leads to a voltage drop along the 
high-resistance material 17, IS, t>ue to this voltage drop along the high-resistance material 17, 
1 8 an electrical field forms with field lines 6* having one component opposite the direction of 
the arc 4, Thus a distortion of the electrical field in the discharge space 5 occurs, hy which the 
"transverse nature" of the discharge space 5 is intensified- This intensification of the "transverse 
nature" however takes place here, in contrast to the embodiment as shown in Figure 3^ not 
geometrically, hut electrically. 

Finally, it can he recognized from the figures that the housing 3 which is preferably 
made as a metal pressure housing has an inner insulation housing 1^, for the embodiments as 
shown in Figures 1 to 4 the insulating material 12, 13 being connected to the insulating housing 
1 6 or to parts of the insulating housing 1 6. 



